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DI SCLAI MER

Recovery Pl ans delineate reasonable actions that are believed to
be required to recover and/or protect |isted species. Plans are
published by the U S. Fish and WIdlife Service, sonetines
prepared with the assistance of recovery teans, contractors,

State agencies, and others. Cbjectives will be attained and any
necessary funds made avail able subject to budgetary and ot her
constraints affecting the parties I1nvolved, as well as the need
to address other priorities. Total recovery costs and dates for
meeting objectives are estimates and are uncertain because the
feasibility of several tasks in the plan are dependant on the
results of other tasks. Recovery plans do not necessarily
represent the views nor the official positions or approval of any
i ndividuals or agencies involved in the plan fornulation, other
than the U.S. Fish and Wldlife Service. They represent the
official position of the US. Fish and Wldlife Service only
after they have been signed by the Regional Director or Director
as approved. Approved recovery plans are subject to nodification
as dictated by new findings, changes in species' status, and the
conpl etion of recovery tasks.
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Mexi co. 60 pp.

Addi tional copies may be purchased from
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5430 G osvenor Lane, Suite 110
Bet hesda, MD 20814
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or
| - 800- 582- 3421

The fee for the Plan varies depending on the nunber of pages of
the Pl an.



EXECUTI VE SUWWARY FOR cBisos MOUNTAI N HEDGEHOG CACTUS
RECOVERY PLAN

Current species’ Status: FEchinocereus chisoensis var.
chisoensis is federally and state listed as threatened. The
variety is an endemc cactus with a very narrow distribution in
Brewster Co., Texas. Only 11 small popul ations are known, al
within 30 square mles (19,200 acres) in Big Bend National Park.
Less than 1,000 plants are known, and the size and nunber of
popul ations are believed to be declining.

Habitat Requirements and Linmitina Factors: The variety
rows on alluvial flats with Chi huahuan Desert Scrub vegetation
ome researchers feel the area was previously arid grassland.

The major threat to the variety is Illegal collecting. Park
devel opment and mai ntenance activities could al so be damagi ng.
Past |and managenment practices and changing climtic conditions
may have caused habitat degradation and loss. Habitat needs are
not understood and may be limting recovery. Low popul ation
viability may also be limting recovery.

Recover-v objective: Delisting.

Recoverv Criteria; Establish 50 distinct populations, each
consisting of at |east 100 reproductive individuals, and
denonstrate that the populations are denographically stable and
reproductively successful over a |o-year nonitoring period.

Actions Needed:

1. Pr ot ect ﬁresent and newly discovered popul ations.

2. Establish a reserve germ bank/cultivated popul ati on.

3. Conduct bi ol ogi cal studjes necessary for successful

management and restoration.
4, Search for additional populations.
5. Assess restoration feasibility and establish a pilot
rei ntroducti on program

6. Devel op a public education program
Estimated Total Cost of Recoverv (Dollars X 1000):
Year Need 1 Nee Need 3 Need 4 Need 5 Need 6 Total
1994 17.5 11.0 131.1 16.0 22.5 6.0 204.1
1995 16. 8 5.5 120.0 18.0 10.0 3.0 173. 3
1996 16.5 3.5 80.0 0.0 10.0 3.0 113.0
1997 16.5 3.5 16.0 0.0 7.5 3.0 46.5
1998 19.5 3.5 16.0 0.0 4.5 3.0 46.5
1999 16.5 1.5 0.0 0.0 4.5 3.0 25.5
2000 16.5 1.5 0.0 0.0 4.5 3.0 25.5
2001 13.5 1.5 0.0 0.0 4.5 3.0 22.5
2002-
2009 ea 10.5 1.5 0.0 0.0 0.0 3.0 15.0
TOTALC 22738 5.0 363.1 340 68. 0 5T.0 79T.9

Date of Recoverv: If recovery criteria are net, delisting may be

possible by 2009.
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|. 1 NTRODUCTI ON

A. Listina Hi storv _and Recovery Priority

Echi nocereus chisoensis var. chfsoensfs (Chisos Muntain
Hedgehog Cactus, Chisos Pitaya) was federally listed as
t hreat ened on Septenber 30, 1988 (U.S. Fish and Wldlife Service
1988b). No critical habitat was designated. Echinocereus
chisoensis var. chisoensis is also listed as threatened by the
State of Texas (Texas Parks and WIdlife Department, Executive
Order no. 88-003, Decenber 30, 1988). Echinocereus chisoensis
var. chisoensis has a recovery priority of 9. Recovery priority
nunbers for |isted species range from1l to 18, wth species
ranking 1 having the highest recovery priority. A recovery
priority of 9 indicates that this is a varietY W th a noderate
degree of threat and a high recovery potential (U S. Fish and
Wldlife Service 1990).



B. Taxononv

Echi nocereus chisoensis var. chisoensis is a small
cylindrical cactus (famly Cactaceae) with distinctive flowers.
It was first collected in 1939, reportedly in the Chisos
Mountai ns of Texas. The locality reported for this initia
collection is believed to have been highly generalized, as no
popul ations have ever been found in the mountains. The variety
I's known only fromalluvial flats. It was described as a new
speci es, Echinocereus chisoensis by WT. Mrshall (1940). Lyman
Benson (1969) reduced the taxon to a variety of Echinocereus
rei chenbachii. The ﬁlant was generally known as Echinocereus
rei chenbachii var. chisoensis until the publication of N ge
Tayl or' s monograph of the genus in 1985. He considered it
sufficiently distinct that he returned it to species status and
naned two varieties, Echinocereus chisoensis var. chisoensis
endem c to Big Bend National Park, and Echinocereus chisoensis
var. fobeanus of Coahuila and northeastern Durango, Mexico (also
very rare). It should be noted that in the original listing
proposal for threatened status (52 FR 25275; July 6, 1987) the
nonencl ature of Benson was used, but that in the final rule (53
FR 38453; Septenber 30, 1988) the nore current nonenclature of
Tayl or (1985) was fol | owed.

_ Two spellings of the word "chisoensis"™ have appeared in the
literature; "chisoensis® is nonenclaturally correct, as.published
in Marshall's original descrlptlon (Marshal | 1940). Apparently,
in publishing his treatnent of the taxon as a variety of
Echi nocereus reichenbachii Benson (1969) used the spelling
"chisosensis"™, in error. This msspelling was subsequently used
in Benson's contributions to floras by Lundell (1969) and Correl
and Johnston (1970), as well as in Benson's 1982 treatise on
cacti. This error in floras and references for cacti has
resulted in msspellings in various unpublished reports (Evans
1986, Al ex and Norland 1987, Norland 1987, U.S. Fish and Wldlife

Service 1988a).



C. Morphological Description

_Echi nocereus chisoensis var. chisoensis is a relatively low-
growing (to 10-12 in., 25-30 cm, cylindrical cactus, reddish-
maroon, becomi ng greener in sumrer

The stens are nost often singular, though they also form
cl unps conposed of nulti?[e stenms with age or injury. The stens
have 11-16 vertical or slightly spiraled ribs, whic
have distinctly separate tubercles separated by broad vall eys.
The areoles are less than 0.13 in. (3.2 mm Iong and about
0.25 in. (6.4 m) apart, circular and distinctly wooly when
young, but becomng elliptic and bare with age.

The spines are relatively sparse and do not conpletely
obscure the stem The outer (radial) spines number 10-16, and
are notably whitish, or ashy to pinkish gray, with brown to
maroon tips. The radial spines are slender and irregular in
| ength, the uppernost 0.06-0.13 in. (1.6-3.2 nmm |ong and
bristle-like, the laterals to 0.37 in. (9.5 nm long and the
| owermost to 0.75 in. (19.1 nm) long. The central spines,
nunbering |-6, are nore slender than the radials, and dark brown
to black with whitish bases. The largest central spine, 0.63 in.
(15.9 mm long, is the |owernost and is held nearlg per pendi cul ar
to the stem ~The other central spines are 0.25-0.50 in. (6.4-
12.7 nmm) and spreadi ng.

The flowers are quite distinctive and appear from March to

July. They are funnelform 2.52-3.75 in. (6.4-9.5 cm long, 0.50
in.” (1.3 cm in diameter, and do not open very widely. The

reenish floral tube has a striking woolliness with clusters of

ristly or hairy brown-tipped spines. Even nore notable are the
petals, 2 in. (5.1 cm long and 0.50 in. (1.3 cm wde wth
pointed tips, upright, and having distinctive internal
coloration. Internally, the tips of the petals are pinkish to
magenta, the throat is white, and the base of the petal is dark
crimson. Stanen filanments are white to pink with yellow anthers
The pistil extends about 0.13-0.17 in. (3.2-4.3 above the
stanens and has a dark green |o-parted stigna.

The fruits are club-shaped, 1.0-1.4 in. (2.5-3.5 ¢ | ong,
and 0.5 in. (1.3 cm wide. hey are greenish-red to red, wtl
white seni-dry flesh, and wooly areoles with bristly or hairlike
spines. The fruits split open with age. The seeds are oval
less than 0.06 in. (1.6 nm in diameter, black, and warty
(adapted from Benson 1982, Weniger 1984, Taylor 1985, Evans 1986,
and Pool e and Riskind 1987).

The stems are'very inconspicuous and the species frequently
occurs in the shade and protection of another plant. The best
field recognition characters are the distinctive, show flowers.'
When encountered without flowers the best recognition characters
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are the reddi sh-maroon to dark green stemcolor, ribs wth
distinct, separate tubercles, contrasting whiteness of the spine
mass, brown or maroon tipped outer spineS, and cottony wool
around the young areoles (Benson 1982, Heil and Anderson 1982a).



D. Distribution an ndan

Echi nocereus chisoensis var. chisoensis has been recorded
only fromBrewster County, Texas (Figure 1). Only eleven sites
or popul ations are currently known to exist, and all are |ocated
in Big Bend National Park wthin an area of about 30 square
mles. (Qbservers (correspondence from Leuck and weedin incl uded
in Heil and Anderson 1982b) note that conparable habitats exist
in adjacent areas of Mexico, though the variety has not been
found there, and Mexico is not included as part of its known
range of distribution. Anderson, Desert Botanical Garden, (in
litt., 1993) recently estimated the probable historic range of
the species to cover an area up to 150 square mles based on
previous reports and probabl e habitat.

Fewer than 1,000 individuals of Echinocereus chisoensis var.
chisoensis are known (Heil and Anderson 1982a). A survey by
Evans (1986) |ocated only 127 individuals over about 62 m|es of
transects within the habitat in the Big Bend area. Following a
recent reconnai ssance trip to the Park, Anderson reported (in
Litt., 1993) finding only a few dozen plants in visits to known
sites. He characterized the plants as being very rare wthin al
of the known sites.

Based on our know edge of the variety to date it appears
that Echinocereus chisoensis var. chisoensis has suffered a
reduction in its ?epgraphlcal area of distribution and in the
size and nunber of its populations. Many of the popul ations,
especial ly those accessible to roadways, have been noted to be in
decline. Heil and Anderson (1982b) include letters from
scientists who had been working with the variety stating that:

"Every time | go to the Park, | find fewer and fewer plants
in places where there used to be fairly good

ﬁo ulations,..." and . .."it | ooks |ike some of the same
abitat on the Mexican side of the Ro Gande, but | don't
know that... (it)... occurs there. If it did | mght expect
for (sic) cactus poachers (the truckload kind) woul d have
cleaned It out as they have areas west of the Ppark"
(correspondence from Leuck, included in Heil-and Anderson

1982b) .

I, ..on the status of the cacti you mentioned. E. chisoensis
is the only one that is losing ground." (correspondence
from weedin, included in Heil and Anderson 1982Db).

Pool e (1987), in her field survey of the Big Bend Nationa
Park, noted that known popul ati ons were declining. Mke Flemng
of the National Park Service (pers. comm.) has reported |osses of
smal | nunbers of plants from cactus coIIectinq over the |ast
several years. Anderson (inlitt., 1993) followi ng his recent
exam nation, noted that he believes at |least two of the
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Figure 1. -
Distribution of Echinocereus chisoensis var. chisoensis



popul ations |ocated in his 1982 survey have decreased in size,
probably because of illegal collecting.

_ I nvestigators have proposed several reasons for the decline,
including illegal collecting, loss of viability in existing
popul ations, and the inability of the present habitat to support

&8 ggﬁuction and regeneration (U S. Fish and Wldlife Service



E. Habitat

Echi nocereus chisoensis var. chisoensis occurs in an arid
subtropical climte within the Trans-Pecos climatic region of
Texas. Cimate in this area is extrenely variable because of
t opographi c differences. The area generally has great daily
tenperature fluctuations and an arid profile where evaporation
exceeds precipitation (University of Texas at Austin Natural

Fibers Information Center 1987). Average annual rainfall is 8-9
in. (20-23 cn), ranging up to 20 in. (51 cm at high elevations,
with the greatest rainfall in August and Septenber. The grow ng

season is 325 days (Heil and Anderson 1982a, 1982Db).

This variety is found on alluvial flats. These flats are
unconsol i dated Quaternary fan and terrace deposits at elevations
of 1,950-2,250 ft. (650-750 n) (Heil, Brack, and Porter 1985).
The soils are Aridisols eroded to rocky desert pavenent (Heil and
Anderson 1982a and 1982b). A detailed soil survey for Big Bend
National Park was issued in 1985 (U S. Soil Conservation
Service), and surveys of two areas where Echinocereus chisoensis
var. chisoensis occurs describe the soils as Pantera very
gravel ly | oam and Chanberino very gravelly |oam undulatlng
(Norland 1987, and Al ex and Norland 1987). A nore detaile
description of the soils underlying other populations is needed.

Echi nocereus chisoensis var. chisoensis occurs in areas that
are a conponent of Chihuahuan Desert vegetation classified in
Texas as a part of the Trans-Pecos shrub Savannah of Kuchl er
(1964) and in the Creosote-Lechuguilla Shrub vegetation type of
McMahan, Frye, and Brown (1984). The community is |ikely best
placed in the Creosote-Tarbush vegetation series and is
characteristic of Chihuahuan Desert flats and eroded forner
desert grassland commnities (D anond, Riskind, and O zell 1987).
Sone investigators SEecuIate that the area nmay fornerly have been
a desert grassland that has declined due to overgrazing and/or
climatic change (U.S. Fish and Wldlife Service 1988b, Heil and
Ander son 1982a, 1982b). (Qhers feel that this is unlikely,

t hough grass cover may once have been nmuch nore extensive in the
understory than is found today (David D anond, Texas Parks and
Wldlife "Departnent, pers. comm., 1990). There is evidence that
previous |and uses such as overgrazing can result in permanent
environnental changes in soils and mcroclimte that result in

| ong-term vegetation changes (Schlesinger et al. 1990).



F. Assocjated Species

A detailed quantitative analysis of the plant conmmunity in
whi ch Echi nocereus chisoensis var. chisoensis occurs has not been
conpi l ed, but Evans (1986) took quantitative measurenents of
F[ants imedi ately associated with the cactus. A qualitative

I st of associated sge0|es mas_Prepared by Poole (1987) and by
Hei | and Anderson (1982a). Heil and Anderson (1982a) also note
that some areas where the variety occurs have only 20-30% canopy
cover. Associated plants include creosote bush (Larrea
tridentata) and |echuguilla (Agave |echuguilla) as dom nant
shrubs, wth ?uayacan ( Quai acum angustifolia), ocotillo
(Fouguieria spl endens), yuccas (Yucca spp.), |eatherstem

Jatropha dioica), mesquite (Prosopis glandulosa), ceniza

Leucophyl | um frutescens), and white-thorn acacia (Acacia
constricta) also present.

The dom nant herbaceous species appears to be dog cholla
(Opuntia schottii) with many other cholla and prickly-pear (0.
l'eptocaulis, 0. rufida, 0. violacea, 0. engelmannii) and other
cacti (Echinocereus spp., Coryphantha spp., and Echinocact us
spp.) present. Oher herbs |isted include hairy erioneuron
(Erioneuron pilosun), range ratany (Krameria parviflora), and
%gg?? grasses (Bouteloua spp.) (Heil and Anderson 1982a, Pool e



G Life Hstorv

Little is known about the phenology or reproductive biol ogy
of Echinocereus chisoensis var. chisoensis. The status report by
Hei | and Anderson (1982a) noted that plants nay have nultiple
stems fromthe same root system flower from March to June, and
fruit from May to August. Pl ants are known to outcross readily,
but the effective pollinator has not been established (Heil and

Ander son 1982a).

Today nost plants are found in close association with plants
of a variety of other species. These.other plants nay be
provi di ng needed shelter and acting as "nurse plants" (Heil and
Anderson 1982a, U.S. Fish and WIldlife Service 1988b), though
this has not yet been definitively determ ned.

Seed di spersal nechanisns are unknown.
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H Impacts and Threats

Ecbi nocereus chi soensis var. chisoensis faces its nost
inmediate threat fromillegal collection by commercial and
private cacti collectors. Wth current |ow nunbers of
popul ations and individuals any collection constitutes a severe
threat. Big Bend National Par ﬁersonnel have noted the | oss of
at least five mature plants in the last 2 years in several
incidents of illegal collectin%i The latest |oss occurred in the
spring of 1990 (M ke Flem ng, Big Bend National Park, pers.
comm., 1993).

Habi t at degradation may al so be contributing to the decline
of the variety. It is believed this area had a nmuch higher cover
of grass species in its natural climax condition. Later, with
the introduction of grazing between Wrld VWar | and World War ||
the area became eroded and invaded by desert shrubs. The decline
of grasses may have destroyed the optinmum habitat for
Ecbi nocereus chisoensis var. chisoensis seedlings, as the variety
presently occurs nostly in nore sheltered areas and is often
associated wth a variety of other species that appear to act as
"nurse plants" (Heil and derson 1982a, U.S. Fish and Wldlife

Service 1988b).

Recently, during extended dry periods, Big Bend National
Park personnel have noted damage to Echi nocereus chisoensis var.
chisoensis plants from some kind of mammal predation, &robably
rodents or jackrabbits (Mke Flemng, pers. comm., 1990).

Popul ati ons which are |ocated near roadways and interpretive
areas of the park could be damaged or destroyed by roadway
mai nt enance and repair work. Future roadway expansion, trai
bui I di ng, or expansion of tourismfacilities in the area could
al so inpact some popul ations. Special attention to this
variety's needs wll be necessary during the planning and
i npl enentation of future facilities and naintenance plans to
avoi d threatening these popul ations.

Natural changes in climatic conditions, tending toward a
drier regime, nmay be adversely inpacting the reproduction of
Ecbi nocereus chisoensis var. chisoensis (U S. Fish and Wlidlife
Service 1988b).

Echi nocereus chisoensis var. chisoensis is also vulnerable
to local catastrophic events (drought, fires, freezes, etc.),
whi ch coul d cause extinction due to the variety's current
extrenely restricted distribution.
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| . Conservation and Research Efforts

The inclusion of known popul ations of Echinocereus
chi soensis var. chisoensis on Federal |ands provides for
additional assistance to the variety and stronger protective
measures under section 7 of the Endangered Species Act of 1973
(as amended). Section 7 (a)(l? directs Federal agencies to
"utilize their authorities in furtherance of the purposes of this
Act by cariying out prograns for the conservation of endangered
speci es and threatened species...". |n addition, under section 7
(a)(2) of the Act, Federal agencies nust evaluate their actions
with regard to species proposed or |isted as endangered or
threatened. Federal agencies are required to ensure that
activities they authorize, fund, or carry out are not likely to
j eopardi ze the continued existence of a listed species. If
agency activities may have an adverse effect on a species, the
agency nust enter into consultation with the Fish and Wldlife
Service regarding the proposed activities (50 CFR 402).

Bi g Bend National Park has been active in nonitoring and
working to conserve the variety. The 1982 Natural Resources
Managenment Plan for Big Bend National Park (National Park Service
1982? recogni zed the problem of illegal cactus poaching and
collecting and stated objectives to address the problem The
National Park Service (NPS) planned to curtail illegal collecting
bY i ncreased enforcenment using patrols in backcountry areas and
al ong roads during heavy use periods. |In addition, it planned to
enlist public support and to increase understanding with public
information and interpretation activities, using exhibits and
evening progranms and hikes. The National Park Service Resources
Managenment Plan for Big Bend National Park approved in 1988, does
not address cactus poaching specifically. It addresses general
goal s for endangered, threatened, and rare species at the Park.
[ts goals for endangered species in general include establishing
an information base for threatened and category 1 candidate
plants, and developing a nonitoring system and program for each
t hr eat ened and cate%ory 1 candidate plant. Monitoring planned
i ncludes detailed observation on a quarterly basis.

Monitoring projects for Ecbhinocereus chisoensis var.
chi soensis were initiated in 1987 and are continuing. The NPS
has set up two nonitoring sites (Al ex and Norland 1987, Norland
1987). Park staff have been observing the plots twce yearly,
noting any |loss of plants, and recording qualitative observations
of phenol ogy, conditions during visual checks, and taking
phot ographs (M ke Flem ng, pers. comm., 1990). No specific
managenent plan for Ecbinocereus chisoensis var. cbhisoensis has

been devel oped.

Surveys for Echinocereus chisoensis var. cbisoensis have
been conducted by the Texas Natural Heritage Program (Poole 1987)
and the NPS (Evans 1986, Alex and Norland 1987, and Norland
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1987). Field work that has contributed information about the
variety's status and distribution has been conducted by Dr. Mke
Powel | (U.S. Fish and WIldlife Service 1988b), and by Dr. Edward
Anderson, M. Kenneth Heil, Dr. James Weedin, Dr. Robert Ross,
Dr. John MIler, and Dr. Edw n Leuck (Heil and Anderson 1982a,
1982hb) .

In 1988, prior to the time the species was |listed, the
National Park Service and Fish and WIldlife Service cooperated in
planning to mnimze inpacts to one popul ation froma planned
roadway project in the Park. During the subsequent work, 10
plants fromthe po%ulation were renoved from the popul ation.

These plants have been cultivated at the Chihuahuan Desert
Research Institute.

In cooperation with the NPS, Sul Ross State University and
t he Chi huahuan Desert Research Institute have experimented with
cul tivating Echinocereus chisoensis var. chisoensis from cuttings
and from seed. They have reported success in cultivation from
cuttings and now have nore than 300 plants, though nost are
cloned fromonly a few individuals (Mke Flemng, pers. comm.,
1992). This promsing cultivation work has shown the potentia
for establishing a seed bank and cultivated coll ection.
Cultivation efforts need to be expanded to establish a reserve
collection of seed (or plants if necessary) that preserves a
representative collection of the entire genone. he Center for
Pl ant Conservation (CPC) has also initiated an effort to
establish a genetically representative seed reserve wth the
National Seed Storage Laboratory in Fort Collins, Colorado, and a
supporting cultivated collection. The Desert Botanical Garden in
Phoenix is inplenenting this initiative as a menber garden of the
CPC preservation nmission. Collection of material began in 1993.
Only a few dozen plants were found, and few had fruit, so initia
seed collections were mninal (Anderson, in.litt.,

Lack of information about specific habitat requirements and
growt h paraneters has |limted managenment efforts and_Progress on
recovery activities. Present interpretations of habitat, life
history, and popul ation biology are based on the qualitative
observations of Heil and Anderson (1982a and 1982k) and Heil,
Brack, and Porter (1985).

Sone allied research from other areas of investigation have
yiel ded information helpful to recovery planning and activities.
Tayl or (1985) reports successful propagation of Echinocereus
chisoensis var. chisoensis from seed or by grafting followed by
decapitation of the scion to induce offsetting. e extent of
cultivation of Echinocereus chisoensis var. chisoensis by private
collectors or comnmercial producers is unknown, but private
propagators may be found to have additional inportant information
about germnation and cul tivation.
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J. Recovery Strateqy

Echi nocereus chisoensis var. chisoensis is extrenely
vul nerable to catastrophic events and illegal collection as only
11 smal| popul ations are known, and all are close to one another.
Preventing extinction of the species is of first priority. Known
poPuIations in Big Bend National Park should be protected from
col lection and accidental destruction through careful planning,
training of park personnel, and |aw enforcenent activities. The
Endangered Species Act prohibits collecting or damaging
endangered or threatened species on Federal |ands.

In addition to physical protection, existing populations
shoul d be stabilized and nmanaged to maintain viability. Because
so little is known about the variety and its needs, long-term
strategi ¢ managenent plans fine-tuned to neet species
requi renments cannot yet be fornmulated. Wthout baseline
information to help evaluate responses and guide plannin%,
applying certain management techni ques coul d even prove harnful
An initiral site evaluation for each population is recomended.
M ni mal i npact, short-ternlnanagenﬁnt_guidelines_should be
devel oped to preserve sites and deal with any obvious threats
until information is collected that will allow long-term fine-
tuned strategic nana?enent pl anning and recovery activities.
Sites should be carefully nonitored for population size and

condi ti on.

Because so few individuals are known and the variety is
vul nerable to catastrophic destruction, reliance on site
managenent alone is not advised. A seed bank and cultivated
collection is reconmended to preserve a genetically
representative population off-site. This will require studies of
seed viability, [ongevity, gernination requirements in
cultivation and in the field, and other aspects of seed biol ogy
pertinent to a well-managed conservation collection of plants and

seed.

Exi sting popul ati ons should be stabilized if necessary. I|f
denographic structure and genetic variability are insufficient to
maintain a viable, reproducing popul ation, augmentation of the
popul ation through pollen manipulation or adding individuals
shoul d be consi dered.

~ Protection and stabilization alone are insufficient for
delisting. Full recovery will require the establishment of
addi tional popul ations of Echinocereus chisoensis var. chisoensis
within suitable habitat in the natural, historically likely area
of distribution of Echinocereus chisoensis var. cbhisoensis. It
does appear that sufficient habitat exists for reintroduction.

Managenment of existing sites and establishment of new
popul ations will require studies of community conposition and
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structure, denographic structure, genetic variability and
viability, phenology and critically inpaired stages of the life
cycle, reproductive biology, pollination biology, seed _
production, seed dispersal, seedling recruitment and biol ogica
needs to establish independent plants.

The threat of collection of plants fromthe wild should be
addressed through the nonitoring of cactus trade journals,
collector's publications, and neetings to prevent illegal trade;
t hrough an active education canpaign to make field collected
pl ants unacceptable in trade; and by making cultivated materia
avail able to satisfy the desire of enthusiasts to own and

cultivate the variety.
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Il.  RECOVERY

A. Ohiective and Recovery Criteria

Qoi ective: The overall, long-term objective of this recovery
plan is full recovery of the variety to the point that it can be
renmoved from the Endangered and Threatened Species List.

Criteria: Echinocereus chisoensis var. chisoensis will be
considered for delisting when 50 distinct populations are
establ i shed, each popul ation consisting of a mnimum of 100
reproductive individuals dispersed over a mninumarea of 1020
acres. In addition, it should be denonstrated that the
popul ations are denographically stable and reproductively
successful, as denmonstrated by nonitoring the species over at
| east 10 years.

These 50 popul ations should be distributed across the
avail able habitat in a manner that is designed to mnimze |osses
from catastrophic events. Areas that inherently discourage
illegal collection should be given priority in the selection of
reintroduction sites. Ecbinocereus chisoensis var. chisoensis is
actively sought in the field by know edgeable collectors, with
potentially significant inpacts on the denographics and genetic
viability of populations subjected to collection. Initial
estimates of nunbers of popul ations needed to allow delisting nmay
| ater be reduced if it can be denonstrated that the demand for
field-dug plants is no longer a threat to the variety.

Each popul ation would need to contain enough individuals and
genetic variability to assure viability and reproduction. The
age-class structure and overall vigor and maturity of the plants
must enable the population to survive a variety of conditions
(precipitation and tenperature extremes, fluctuations in predator
and pollinator populations, etc.) and still remain a genetically
viabl e and self-regenerating popul ation. For purposes of
establishing initial criteria, the nunber of individuals and
acreage needed was estimted by exam ning existing popul ation
information on the nore robust known sites.

A ten-year nonitoring period is necessary to denonstrate
reproductive success because these plants do not flower until
they are 4-6 years old (Heil, Brack, and Porter 1985). The ten

ear nonitoring period will also assure that these popul ations
ave not been subjected to intolerable collecting pressures.

Presently it is unclear whether the decline of the known
popul ations is due to illegal collection, loss of viability in
exi sting populations, or the inability of the present habitat to
suPport reproduction and regeneration. This need for additiona
information is addressed in the recovery plan tasks.
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_ These delistin% criteria are prelininahy. As nore
information about the variety is accunul ated and recovery tasks
are acconplished the criteria will be reevaluated and nay be

revised. The estimated date for attaining the objective of this
plan (delisting), if steady progress is made, is 2009.
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B. Recoverv Qutline

The followng is an outline of the recovery tasks needed to

attain the objective of this plan. Section C of this Plan
(Narrative Qutline of Recovery Actions) includes nore detailed

information on the tasks.

1.

Protect known and newly discovered Echinocereus chisoensis
var. chisoensis populations from existing and future threats
and devel op managenent pl ans

11.  Protect populations in Big Bend National Park and
devel op and inpl ement managenment plans for these
popul ations

111. Protect sites within the park'

112. Conduct a site evaluation and devel op and
i npl enent a short-term management plan for each
site

113.  Develop and inplenent a |ong-term managenent plan
for each site

114. Educate National Park Service staff about the
presence and inportance of Echinocereus chisoensis
var. chisoensis

12. Monitor populations for general condition, reproductive
success, and to identify any needed revisions to the

nanagenent pl ans

13.  Evaluate and revise managenent plans regularly to
address changes in the condition of the popul ations

14.  Ensure conpliance with applicable Federal and State |aws
and regul ations

15.  Mnitor cactus trade journals and collectors'
-publications and neetings -

Establish a reserve germ bank/cultivated population with
responsi bl e agencies/institutions

21.  Include maxi mum genetic diversity
22. Establish a nonitoring and managenent plan

23. Coordinate the cultivation program with research efforts

18



24,

Fost er

horticultural devel opment of cultivated naterial

to address the comercial demand for horticul tural
speci mens

Conduct studies necessary to provide a basis for designing
and eval uating protective managenent and restoration plans

31.

32.

Det erm ne exact habitat requirenents

311.

312.
313.
314.

St udy
321.

322.

Det erm ne geol ogic, edaphic (soil conditions), and
hydr ol ogi ¢ requirements

3111.  Study geol ogy and hydrol ogy
3112.  Study soils

Study mcroclimte

Study community structure

Study community dynam cs/ ecol ogy

3141. Study the status of the variety in the
comuni ty

3142.  Study the response of Echinocereus
chi soensis var. chisoensis to disturbance
and past |and nanagenent practices

3143.  Study beneficial and negative interactions
W th other species

3144,  Study cyclic and dynam c processes
popul ati on bi ol ogy

Determ ne present conditions and stability
requi renents for viable popul ations

3211. Assess present demographic conditions,
eval uate denographic requirenments for
stability, and develop recommendations for
any needed augnentation

3212. Assess present genetic viability, evaluate
requirenents for stability, and devel op
recommendations for any needed augnentation

Characterize phenology and identify the nost
vul nerabl e stages of the life cycle
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323. Determne reproductive biology and |ikely
causative factors in apparent decline in
reproduction in the variety

3231. Determne types of reproduction and
contribution to the popul ation

3232.  Study pollination biology, including pollen
viability

3233.  Study seed production, viability and
di spersa

3234.  Study seedling recruitment
33.  Study germination and establishment requirenents
331. Study seed biol ogy
332. Study germnation requirenents
333. Study seedling biology
334. Investigate propagation techniques

Search areas with potential habitat for additional
popul ations and potential reintroduction sites

Assess restoration feasibility

51. Assess ability of the present habitat to support the
species and evaluate the need for habitat restoration

52. Exam ne reintroduction techniques available

53. Establish a pilot program

54,  Assess feasibility of reintroduction program
Devel op and inplenment a reintroduction plan, -if feasible

Devel op public concern and support for the preservation and
study of Echinocereus chisoensis var. chisoensis

71. Develop an effective canpaign to make the collection or
possession of field dug plants of Echinocereus chisoensis
var. chisoensis unacceptable

72. Educate the public about the vulnerability of

Echi nocereus chisoensis var. chisoensis, the threats that
it faces, and recovery efforts
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8. Develop a post-recovery nonitoring plan.
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C. Narrative Qutline of Recoverv Actions

1.

Protect known and newl v di scovered Echinocereus chisoensis

var, chisoensi S populations from existina and future threats

and develop manaaenment plans. Prospects for the protection
of Echi nocereus chisoensis var. chisoensis are excellent.

Its occurrence on National Park Service (NPS) |and gives the
variety the protection of the NPS mandate to protect and
preserve its natural features. It also gets the added
protection associated with sPeciaI requi rements of Federa
agenci es under section 7(a)(l) and 7(a)(2) of the Endangered
Species Act. \Well-planned managenment actions are needed to
ensure the protection of these populations. Because

popul ation numbers and sizes are so small, inappropriate |and
managenment practices could result in significant |oss or
damage. |llegal collection is a continuing problem and any

collection represents a significant threat to the variety.

11. Protect populations in Bia Bend National Park and
develop and implement NManaaenent w»lans for these
populations. Managenment plans shoul d be devel oped
cooperatively between the U S. Fish and Wldlife Service
and the National Park Service. These plans should
addr ess short- and long-term needs for protection and
managenent of the populations within the park.

111. Protect sites within the Dark. Populations of
Echi nocereus chisoensis var. chisoensis represent
a special natural resource of Big Bend Nationa
Park. I mrediate steps should be taken by whatever
means are appropriate (screening populations from
roadsi de view, physical barriers, reduced access,
exclusion of the areas from roadway and tourism
devel opment, intensive patrol activities during
flowering season, protection from destructive
wildlife, staff education, etc.) to protect the
variety fromknown threats. Records and
managenment Plans need to be kept strictly
confrdential with limted access to avoid
i nadvertantly providing locality information to
col l ectors.

112, Conduct a site evaluation and develop and
implement a short-term manauenent Dlan for each
site. A sinple site description and eval uation

shoul d be done for each known £opulation detailing
and evaluating its present condition (location,
size, substrate, erosion, general plant condition
evi dence of predation or disease, history of known
collection) and any obvious actions that could be
taken to prevent decline (for exanple, care of
damaged plants, protection from roadside view,
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12.

protection from predators). Followng this
evaluation, an interimor short-term managenent

pl an shoul d be devel oped, with practices designed
to protect against threats and maintain the

popul ations until conprehensive |ong-term recovery
strategies can be devel oped. Inplementation goals
and responsi bilities should be clear.

113. Develop and implement |onu-term man nt plan
for each site. The |ong-term management plan, in
addition to providing for protection and
mai nt enance of the popul ations, should incorporate
tasks that will address the need for habitat
conservation (including any recomended
restoration), preserve Fopulation integrit%, and
ensure population viability and recovery through
managenment and restoration activities. ~These
needs will be determned by research results from
qrantltatlve studi es recomrended in this recovery
pl an.

114. Educate Natiopal Park Service staff about the
presence and inportance of Echinocereus chisoensis
var. chisoensis. Managers and staff responsible
for planning, management, and inplenmentation of
projects at the Big Bend National Park should be

I nformed about the plant, its appearance,

requi rements, and fragility. This should help
mnimze inadvertent damage and illegal

collection. An informed, well-coordinated staff
effort, including vegetation maintenance personnel
and other work crews, wll be needed to preserve
the variety.

Monitor populations for ueneral condition, reproductive

nd to identify anv n revisions to th
manauenent plans. During initial research and site
managenent activities the condition of individual
pOﬁu ations should be nonitored. Mnitoring activities
-shoul d focus particularly on critical periods such as
germnation, seedling establishment, the initiation of
seasonal growth, bud formation, anthesis, and fruit
maturation and dispersal. At least a sanple of
i ndividuals of all age/size classes should be nmarked and
monitored. Monitoring may be needed |ess frequently as
managenent needs becone clear and popul ation stability
| nproves. Frequent conparisons should be made between
popul ations to help differentiate normal fluctuation
from conditions revealing stress or decline. This work
was initiated by the NPS in 1987 and should be continued
and expanded.
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13.

14.

15.

Evaluate and revi se manauenent plans reqularly {Q
address changes in the condition of the populations. As
new i nformation becones avail able through research and
observation it should be incorBorated I nt o nmanagenent
strategies. Revisions should be made cooperatively
anong agenci es responsible for conservation planning.

[f nmonitoring shows unacceptable decline in the
condition of ﬁopulations, appropriate responses to halt
and reverse the situation should be devel oped
cooperatively with all responsible agenci es.

Ensure compliance with applicable Federal and State |aws
and requlations. Collecting is one of the nain threats
to this variety. Wiile this recovery plan attenpts to
address a |ong-term approach to renoving this threat, in
the interim Federal and State |aws regardi ng conmmerci al
trade, permts, collecting, and interagency consultation
shoul d be enforced.

hDﬂLLQL_QaQLu;_LLadﬁ_%guLﬂaL&_ﬁﬂd_QQLLﬁﬁLQLSL_pghliggz
tions and neetinas. tection of comercia

cultivation, trading activity, and marketplace activity
that nay be related to illegal collecting nay be
enhanced by regular checking of journals, newsletters,
cat al ogs, neetings, etc. where "choice" collectable
cacti mght be discussed or offered for sale. In
addition, establishing contacts with persons legally
cultivating naterial n%% be useful if reintroduction of
plants is attenpted. ese contacts will also assist in
attenpts to expand the distribution of legally
crltivated material to reduce demand for field-collected
pl ants.

Establish a reserve uermbank/cultivated population W ith
responsible agencies/institutions. Preservation of

Echi nocereus chisoensis var. chisoensis in its natura
environment is absolutely of first priority. However
natural popul ations appear to be at critically |ow

| evel s and occur over a restricted geographical area

‘(Heil and Anderson 1982a, 1982b, Poole 1987). To

prevent total loss of the variety through sone
catastrophic event, a seed bank and cultivated

popul ation is advised. If initial investigations

I ndicate that seed can be successfully stored, a seed
bank woul d be the nopst cost-effective way to naintain
the genomic reserve. A cultivated collection operating
in cooperation with the seed bank program can provide
needed support for periodic testing and repleni shment
operations. Cultivated plants should also serve as a
non-destructive source of material for research,
restoration, education, and possible horticultural
devel opnent. It is essential that this cultivation
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21.

22.

23.

program proceed responsibly and in a manner that does
not threaten the reproductive caPapity_of exi sting
popul ations. Wile promsing cultivation work has been
initiated with Sul Ross State University and the

Chi huahuan Desert Research Institute, this work should
be expanded.

ncl ude maxinmum genetic diversitv. Reserve materials
shoul d be collected and maintained in a manner that wll

represent and maintain the naxinum possible genetic
diversity, to preserve the viability of the variety and
its ability to respond to natural environmental changes.

' ' plan. Cultivated
and reserve material should be periodically nonitored
and assessed. This program shoul d be guided by a fornal
managenent plan. This plan should address such issues
as collection guidelines (using simlar documentation,
maxi m zing genetic representation, and limting inpacts
to wld BoPulatlons), seed storage, propagation
responsibilities and targets, data collection, and
di stribution and di sposal protocol. In addition, the
pl an shoul d establish cooperation and coordination anong
all parties, setting limts on annual collection and
pronbting the sharing of material and data. This
coordination anong all growers, including commercial
producers, should mnimze collection pressures and nake
thﬁlbesnjpossible use of available material and data
col | ect ed.

Coordinate the cultivation program with research

efforts. \Wile Echinocereus chisoensis var. chisoensis
has been successfully cultivated from seed and offsets
by horticulturists and the Chihuahuan Desert Research
Institute, little quantitative information on
cultivation exists. Cultivation for conservation
purposes will require additional investigation and
careful docunentation. Quantitative research activities
relating to cultivation should continue to be supported,
-both at gardens with conservation collections and

t hrough independent researchers examning tissue culture
and other techniques. Mnagers of conservation

coll ections should work in close cooperation wth
researchers studying reproductive biology, genetics, and
restoration needs (sharing cultivation know edge,
contributing research material, and collecting
conpati bl e data wherever possible). Field research can
hel p inprove cultivation managenent, and horticultura
research can yield inmportant 1nsight into habitat and
managenent needs.
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24, Foster horticultural development of cultivated material

to address the commercial demand for horticultura
sEecinens. Stocks of certified propagated material
shoul d be made available to comercial growers to

i ncrease the supply of cultivated specinens for sale.
Making cultivated material easily available at
reasonabl e prices should help to neet the demands of
cactus collectors and reduce the market for field-
col l ected specinens.

Conduct studies necessarv {0 provide a basis for desiuning
otective lans.

A basic lack of scientific information about the critical
paranmeters of habitat, growth, and reproduction for

Echi nocereus chisoensis var. chisoensis is limting the
ability of conservation agencies to evaluate the limting
factors and to prescribe management activities. Most
information available to date is based on qualitative
observation; nore quantitative research is needed on these
and ot her specific aspects of the life history.

31. Determine exact habitat reuuirenents Echi nocer eus
chisoensis var. chisoensis nmay be in decline due to
w despread changes in_its habitat that it has been
unabl e to adapt to. These changes might be caused by
man's activities, mght be natural, or perhaps a
conbination of the two. Alternatively, present
| ocalities mght be restricted because of some unique
features essential for growth, found only at these
sites, that have not Ket been identifi ed.
Characterization of t
growing will help in evaluating the potential for
recovery, |locating any additional existing populations,
and identifying necessary management activities for
preservation

311. ' [t

' The general geol ogic and
to ograPhic profile §f|ats of unconsol i dated
al luvial deposits) of this variety-seens well
understood (Heil and Anderson 1982a and 1982b),
and a soil survey is available for Big Bend
National Park (U'S. Soil Conservation Service
1985). Nevertheless a detailed characterization
of the geol ogy, soils, and hydrology in the areas
wher e Echi nocereus chisoensis var. chisoensis
occurs should be conpiled. These studies my
reveal unrecognized patterns or small scale
irregularities that need to be taken into
consi deration in devel opi ng management pl ans.
They may also help in locating additional
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312.

popul ations and maintaining cultivated
col | ections.

3111. Studv geoloay and hvdrol ouv,. A comparative
eval uation of the present topography,
drai nage patterns, and dynam c geol ogi ca
processes of the sites should be made. The
study should include an assessnent of any
alteration in site conditions resulting
from past land uses or climtic changes
over the last two centuries.

3112. Studv soils. Additional, site-specific
information is needed about soils,
particularIK about parameters critical to
plant growth such as parent material,
texture, porosity, pH, soil water
potential, and nutrient levels. A
conparative sumary and eval uation shoul d
be done including all known sites to
determne any critical factors.

study microclimate, Characterizing the

m croclimte of Echinocereus chisoensis var.
chisoensis plants is essential to understanding
managenment needs of the popul ations. The.

tol erance of Echinocereus chisoensis var.
chisoensis for factors influencing plant stress
| evel s and photosynthesis rates (such as
insolation, surface and subsurface tenperatures,
temperature extremes and profiles, and water
aval l ability) should be studied.

Studies are also needed to hel p answer questions
about the spacial arrangement of plants on known
sites. The tendency for plants to be found in

cl ose association wth larger plants ("nurse
plants") may be a natural phenonenon resulting
fromthe shelter they offer. Conversely, changes
in site character under past |and uses (see.

Schl esinger et al. 1990) nay have resulted In a
hotter, drier mcroenvironnent that has caused
plants to retreat to nore sheltered |ocations.
Alternatively, the spacial arrangenment nay be a
secondary result of plants being renoved from nore
open areas by predators and col |l ectors.

Conditions found in protected and nore open sites
shoul d be compared. ldentifying local site
characters that support the variety is also
critical information for reintroduction efforts
and successful cultivation prograns.
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313.

314.

Studv _community structure, Understandin% t he
features, variability, and dynamcs of the
vegetation in the areas where Echinocereus
chisoensis var. chisoensis occurs may help in

| ocating additional populations. This information
I's necessary for planning managenment of existing
sites and evaluating habitat for any future,
reintroduction efforts. Careful docunentation and
measurenent of all plants present in the habitat
through the year may reveal diagnostic features.
Docunentation of the relative dom nance, density,
frequency, and constancy is inportant baseline
information necessary for evaluating the status of
the area and managi ng protected sites over tine.

amics/ecology. Information is
needed about changes in historical conmunity
conditions, their cause(s) and inpact on the
variety, and about how the commnity where
Echi nocereus chisoensis var. chisoensis now occurs
responds to various nmanagenent activities and
di sturbance. Characterization of seasonal events
and pressures such as rainfall and tenperature
regimes and their inpact on the variety is needed.
The influence of cyclic dynam c processes
i ncludi ng drought cycles, flooding events, and
fire should be eval uated. Study of positive and
negative interactions with other species
(herbivory, disease, seed dispersal, and
i nfluences on seed bed conditions) is necessary.
A knomﬁed?e of these processes is inportant for
the fornulation of nanagenent plans to address
mai nt enance and restoration, as well as for
assessment of reintroduction feasibility.

3141, Studv the status of the variety in the
community. There is sone indication that
the area where Echinocereus chisoensis var.
chi soensis now occurs was formerly occupied
by a grassland comunity (Heil and Anderson
1982a, 1982b). Present condition of the
vegetation should be investigated to
determne if it is a natural mature )
vegetation, a seral stage, or a new edaphic
clirmax (vegetation controlled by the soi
of a site) follow ng disturbance of the
natural vegetation and degradation of the
original soil. Changes in comunity
conposition over the last two centuries
shoul d be evaluated in terns of causal
factors (grazing and/or clinmatic change)
and potential for restoration. An

28



3142,

3143.

3144,

eval uation should al so be nade of the

rel ative position of Echinocereus
chisoensis var. chisoensis in the existing
comunity and the inpact of vegetation
changes on the popul ati on dynam cs of the
variety and on Its prospects for continued
viability.

Studv the response of Echinocereus
chisoensis var, chisoensis to disturbance
and past | and nenauenent practices.
Successful managenent of the variety wll
require a know edge of the plant's
responses to various natural events and

| and use activities. Conparative
observation of known popul ati ons and
analysis of their history of |and use,
managenent, and disturbance would be
hel pful. A conparative study w |l provide
at | east Prelininary i ndi cations of the
effects of different disturbances and
management practices.

wth other species. Sone species have an
apparent positive interaction with

Echi nocereus chisoensis var. chisoensis
such as serving as "nurse plants" for
seedlings. Negative inpacts from other
speci es such as manmmal predation have been
reported (Mke Flem ng, pers. comm., 1990).
Both positive and negative inpacts of other
species in the connunit% need study.

Provi sions may need to be nade in
managenent plans when certain critica
Interactions are identified.

dvnamic processes. Ihe
correspondence between seasonal cycles
(such as rainfall and tenperature{ and the
plant's life cycle or periods of growth and
nmortality should be investigated to assist
i n devel opi ng managenment plans. In
addition, the inpact of nore sporadic or
cyclical events such as drought, flooding,
and fire should be evaluated for historical
and future influence on nortality,
di spersal, and reproduction.

32. Studv population biolouv. The current status of
popul ations in ternms of stability, viability, and
reproductive biology (fertility, availability of
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pol | i nators,

etc.) are unknown. Studies are needed to

eval uate the condition and stability of existing
popul ations and to assist in formulating effective
managenent pl ans.

321.

Dete;mi e present

it | bilit
reuui rements for populations. The relative

stability of known popul ations in terns of
regenerative capacity and genetic diversity is

unknown.
if habitat mani

This information is needed to determ ne
pul ation or popul ation augmentation

such as the addition of plants or pollination
mani pul ation is needed.

3211. Assess Dresent demodgraphic conditions.

3212.

eval uat e demographic requirements f or
stabilitv. and develop recommendati ons for
anv_needed augmentation. Analysis of the
distribution of different age-classes in
exi sting popul ations and the relative
contribution of each to regeneration IS
inmportant in evaluating popul ation
ersistence and stability (Harper 1977).
or p0ﬁulat|ons of Echi nocereus chisoensis
var. chisoensis, this information is
unknown and needs to be established. The
survivorship curve (average nunber of
i ndividuals of a given age class surviving
over time) of the variety is not known.
This study should provide information
needed to assess the denngraphic stability
of popul ations, and should devel op
recommendati ons and targets for nunbers of
i ndi vidual s of various ages needed to
mai ntai n the popul ation.

Assess Dresent genetic viabilitv. evaluate
reuui renents for stabilitv, and develop

recommendations for any needed auamenta-
tion. The genetic viability of

Echi nocereus chisoensis var. chisoensis is
unknown. Low variability may develop in
areas where popul ati ons have few

i ndividuals and are geographically isolated
from each other (Futuynma 1986).

Echi nocereus chisoensis var. chisoensis
popul ations are fragmented, and_remaining
i ndi vidual s are widespread. This can

di sturb normal pollination processes in
outcrossing species and reduce the ability
to maintain variability. In addition, many
popul ations consist of 100 or |ess
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322.

323.

i ndividuals, and such | ow nunbers also
contribute to the |ikelihood that genetic
drift may have becone a threat to recovery.

In some species |ow genetic variabilitY
results in lowered fertility and viability
and an inpaired ability to respond to
environnmental change. QO her species appear
to retain viability even under conditions
of low variability. The genetic
variability and viability of existing

popul ations of Echinocereus chisoensis var.
chi soensis needs to be eval uated begi nning
with sinple pollination tests and crossing

experiments. |f deficiencies are found
recommendati ons for managenent should be
devel oped.

Characterize phenology and identify the most

vul nerable stages of the life ecycle. Irregular
observations by botanists are the only indication
of seasonal phenology for the variety. A program
of taking periodic qualitative phenological
observations several tines during the grow ng
season has been initiated by the NPS in their
monitoring plots. These studies should be
expanded to include quantitative data collection
conducted for several seasons, covering the
spectrumof climatic variation. The resulting
data should be conpared to climatic data from
weat her stations |ocated in the park for
correspondence.  Exami nation of these data may
provide inportant information about requirenments
of the variety. An evaluation should be made of
any stages in the life cycle that are critical and
consistently inpaired, any known causes of

I npai rment, and advi sabl e nanagement .

rmne reproductive biolocrv and likelv
causative factors in apparent decline in
reproduction in the varietv. No studies of the
reproductive biology of Echinocereus chisoensis
var. chisoensis are known. This information is
needed before nanagenent of wild popul ations, a
cultivation program or restoration and recovery
work can be successful. The reproduction of
Echi nocereus chisoensis var. chisoensis, from
flowering to the germnation and establishnent of
new plants (including nechanisns, processes, and
necessar% agents), needs to be understood. Any
stages that appear to be inpaired should be
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33.

eval uated, and reconmendations to address these
defi ciencies should be devel oped.

3231.

3232.

3233.

3234.

Determ types reproduction
contribution to the population. Seed
production through outcrossing and the

roduction of clones have been mentioned as

nown forns of reproduction (Heil and
Anderson 1982a). Additional studies are
needed to docunent the actual incidence of
outcrossing and cloning and the potenti al
for other possible breeding scenarios.

ollination Dj includinag polle
viability, The pollinator and pollination
bi ol ogy of Echinocereus chisoensis var.
chisoensis are unknown. A detailed study
of insect visitation, pollen devel opnent,
pol lination, pollen predation, pollen
viability, and other aspects of pollination
biology is needed to determne if failure
of any aspect of the pollination systemis
reducing normal fruit production.

Studv seed production, viabilitv., and
dispersal. The only existing data on seed
production is that provided by Heil, Brack,
and Porter F1985). Seed production and
viability of Echinocereus chisoensis var.
chisoensis need to be determ ned, as well
as the dispersal nechanisn(s? and di spersa
di stances of seed. Losses of seed crops
due to disease and predation should be
monitored. This information is needed for
cultivation programs, restoration, and

rei ntroduction planning.

Study seedlinu recruitnment, The

rel ati onship between seed production, seed
reserves, and rates of seedling recruitnent
shoul d be established. Changes in rates of
recruitment with different site conditions
and optinum conditions for seedling

recrui tment should al so be determ ned.

This information is needed to determne
managenent needs for regenerating
popul ati ons.

ermination and establishment requirements.

Echi nocereus chisoensis var. chisoensis has been
cultivated from seed and induced of fsets (Chi huahuan
Desert Research Institute 1989, Taylor 1985), but little
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quantitative data exists and additional studies are
needed for the establishment of a successful managenent
program for both natural and cultivated popul ations, as
wel | as for any needed augmentation and reintroduction
activity.

331. Studv seed bislesy. Attributes in addition to
sinpl e seed production, such as viability,
| ongevity, degree of dormancy, and factors
I nduci ng and breaking dormancy need to be
det er m ned.

332. Study uermnation reauirenents. The optinmm
conditions and range of tolerance for germnation
under cultivated conditions and in the field
(seasonality, soil tenperature and noisture,
l'ight, etc.) should be established.

333. Studv seedlinu bielogy Light, tenperature,
moi sture, and nutrient'reguirenents for seedling

establishnent (attaining I ndependence from seed
reserves and maeking the transition to independent
nutrition and growh) need to be understood.

These requirements and tol erance ranges shoul d be
investigated under field and cultivated
conditions. Threats to seedling establishnent
(such as disease and predationP need to be
identified, nonitored, and eval uated.

334. lpnvestiuate propagation techniques. Cultivation
from seed and by offsets has been docunented

(Chi huahuan Desert Research Institute 1989, Taylor
1985). Ot her proEagatlon t echni ques, such as
tissue culture, should be investigated for use in
possi bl e restoration and/or reintroduction
efforts. Clonal techniques present challenges in
mai nt ai ni ng needed | evels of genetic variability.
[ f properly handl ed however, these techniques may
be i1nvaluable for nultiplication of selected
genotypes to neet restoration or reintroduction
program needs. Propagation nethods should also be
I nvestigated as a means to hel p neet horticultural
demand, because providing readi |y avail able
propagated plants nay reduce collecting threats.

opulations ' ' ' ' As nore

I nformation about the habitat and biolo?y of Echi nocereus
chisoensis var. chisoensis beconmes available, predictive
abilities for determning areas capable of supporting the
variety should inprove. Additional surveys should be done

for new popul ations in the U.S. and in Mexico. Potential

3 3



reintroduction sites in the U'S. should be noted.
Know edgeabl e NPS enpl oyees working in the area may be
hel pful in recognizing new popul ations of the variety.

feasihilitre  An evaluation of the need
and potential for reintroduction of the variety can be made
when nmore information is available about the possibility of
over| ooked popul ations, genetic vitality, population
stability, habitat availability, |ong-term nanagenent
requi renents of the community, and success of cultivation.
In the event that this additional information indicates that
reintroduction is feasible and advisable, the follow ng
recovery actions (tasks 51-53) should be inplenented.

51. Assess abilitv of the present habitat to support {he
varietv and evaluate the need for habitat restoration.
Based on results of the research exaninin% the condition
of present populations and the variety's habitat and
regeneration requirenents, an evaluation of the
sulrtability of the present habitat to support the
variety should be nade. The level of restoration or
managenent of sites that will be necessary to recover
exi sting populations in the area should also be
determ ned. Studies (see tasks 312 and 314) nmay show
the area was once grassland or had significantly higher
grass cover that was nore favorable for the variety than
present conditions. |If evidence shows that the historic
and optinmum habitat for Echinocereus chisoensis var
chi soensis had a much higher percent cover of grasses,
the possibility for restoration of this nmore favorable
envi ronnment shoul d be evaluated and considered as a
managenent obj ective.

52. Exanine reintroduction technigues available,  Evaluate
the relative success of different cultivation, site
preparation, planting, and managenent techniques based
on past research and nonitoring. Assess any additional
informati on needs and readiness to attenpt
reintroduction. Develop initial reintroduction
gui del i nes.

53. Establish a pilot oroaram Using the guidelines
devel oped in task 52, design and inplenment a pilot
program to nmeet information needs identified in task 52
and test nethods.

54 : [ i bil] [ . uct | ASSESS

results of the pilot program and deternmne potentia
for reintroduction as a recovery strategy.

Develop_and inplement a reintroduction wlan, if feasible. If
reintroduction is determned to be feasible based on the
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assessment of the pil ot program a reintroduction plan should
be devel oped and inplenmented. The reintroduction plan shoul d
provide for all phases including plant nultiplication, site
selection, site preparation, introduction, establishnment (to
i ndependent 1iving), nmonitoring, and short- and long-term
management strategi es.

Devel 0 ublic_concern and support for the preservation and
study Of Echinocereus chisoensis var. chisoensis. A broad-
based awareness of the variety and support for efforts to
recover it need to be devel oped. However, cacti have natura
appeal to collectors, and greater awareness is expected to

I ncrease demand and therefore increase collection pressures.
Public education efforts should proceed only after a
provision to neet horticultural demand is in place.

71. Develop an effective campaign to nmake the collection or
' leld dua plants of Echinocereus
chisoensis var. chisoensisS unacceptable.

Horticul turists specializin% in cacti, cactus and
succul ent societies and clubs, native plant societies,
and endangered species organizations all have a
potential contribution to make in efforts to stop the
field collection of cactus plants. Agencies and these
groups need to cooperate in developing ways to inform
their nenbership of the vital need to stop the field
collection of plants and to enlist their aid and support
in eI|n1nat|n% the practice on the part of amateur

col |l ectors. hey also need to work jointly to devel op
met hods for elimnating illegal (or "black market")
commercial markets for field dug plants.

Service participation wth other agencies or groups in a
conprehensi ve canpaign to stop the field collection of
all cacti would benefit Echinocereus chisoensis var
chisoensis, as well as many other rare and |isted
species and varieties of cacti.

72. Educate the public about the vulnerabjlitv of
Fchi nocereus chisoensis var. chisoensis,-the threats it
now faces, and recovery efforts, The groups nentioned
in task 71, park visitors and volunteers, [ocal
residents, and the general public need to understand the
I npor tance of ﬁreserving Echi nocereus chi soensis var.
chi soensis. These groups have an inportant part to play
I n encouragi ng and facilitatin% the study, preservation,
and recovery of the variety. ocal and Tegional
appreciation can be furthered through presentations and
interpretive materials at Big Bend National Park and
| ocal nedia. Larger audiences are probably best reached
t hrough the educational system and youth group
curricula, public presentations, and through the use of
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8.

print, video and other nedia products wth national or
regional distribution.

bost-rmcovery mo n i t o r bring piah. 1 recovery is
determ ned to be feasible, a monitoring plan shoul d be

devel oped that will track the condition of natural and

i ntroduced popul ations for at |least 5 years after delisting,
as required by the 1988 amendnments to the Endangered Species
Act. Responsibilities for |nﬁlenentat|on and reporting
should be clear. This plan should specify types and |evels
of decline that should trigger intervention.
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[11. 1 MPLEMENTATI ON SCHEDULE

The follow ng inplenentation schedule outlines actions and
estimated costs for recovering Echinocereus chisoensis var.
chisoensis. It is a guide for nmeeting the objectives discussed
in Part Il of this Plan. The schedule indicates task priorities,
task numbers, task descriptions, duration of tasks, responsible
agencies, and estimated costs. These actions, when acconplished,
shoul d bring about the recovery of Echinocereus chisoensis var
chi soensis and protect its habitat. It should be noted that the
estimated nonetary needs for all parties involved in recovery are
identified for the first 3 years only, and therefore are not
reflective of total recovery costs. ~The costs estimted are
intended to assist in planning. This recovery plan does not
obligate any involved agency to expend the estimted funds.

Task Priorities

Priority 1 - An action that pust be taken to prevent extinction
or to prevent the variety from declining
irreversibly in the foreseeable future.

Priority 1e = An action that by itself will not prevent _
extinction or an irreversible decline, but which
IS necessary to carry out a task that is a
priority 1 as defined above.

Priority 2 = An action that nust be taken to prevent a
significant decline in the variety's
popul ation/ habitat quality, or some other
significant negative inpact short of extinction.

Priority 3 - Al other actions necessary to meet the recovery
obj ecti ve.

Abbrevi ations Used

cpc - Center for Plant Conservation
FWS - Fish and WIldlife Service
ES - Ecol ogi cal Services
LE - Law Enforcenent
NPS - National Park Service
scs - Soil Conservation Service
TPWD - Texas Parks and WIdlife Departnent
MEX -~ Mexico
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CHISOS MOUNTAIN HEDGEHOG CACTUS RECOVERY PLAN IMPLEMENTATION SCHEDULE

1874

RESPONSIBLE PARTY COST ESTIMATES ($000)
TASK FWS
PRIOR- TASK DURATION
1Y # # TASK DESCRIPTION (YRS) REGION PROGRAM OTHER FY 1 FY 2 FY 3 COMMENTS
1 1 Protect sites within Big Bend ongoing NPS 8.0 2.0 2.0
National Park
1 112 Conduct site evaluations and 2 2 ES 2.5 1.0
develop and imptement short- NPS 2.5 1.0
term management plans TPWD 0.8 0.3
1 114 Educate NPS staff about the 2 2 ES 2.0 2.0 After programelopment, task
presence and importance of the NPS 2.0 2.0 would be incorporated into
variety standard NPS training.
1.0
1 12 Monitor populations ongoing 2 ES 1.0 1.0 4.0 Necessary to 113, 13, 53, 54, 6
NPS 4.0 4.0 will be useful to tasks 322,
TPWD .5 .5 .5 3231, 3233, 333, 313, 3141,
3143
1 14 Ensure compliance with Federal ongoing 2 ES 1.0 1.0 1.0
and State laws and regulations LE 1.0 1.0 1.0
NPS 1.0 1.0 1.0
TPWD 0.5 0.5 0.5
1.0 1.0
1 15 Monitor cactus trade journals ongoing 2 €S 1.0 1.0 1.0
and collectors’ publications and LE vow 1.0
and meetings cont inuous TPWD 1.0 1.0 1.0
1 21 Estabt ish germ bank/cul tivated S 2 cpPC 3.0 1.5 Necessary to 111, 3212, 3233,
population with maximum ES 5.0 2.5 0.75 | 331, 332, 334, 52, 53, and 6.
genetic diversity NPS 1.3
TPWD .5 .5 .5
1 24 Foster horticultural’ 5 2 cPC
development of cultivated 33 0.5 0.5 0.5
material to address commercial NPS 1.0 1.0 1.0
demand
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CHISOS MOUNTAIN HEDGEHOG CACTUS RECOVERY PLAN IMPLEMENTATION SCHEDULE

RESPONSIBLE PARTY

COST ESTIMATES ($000)

TASK FWsS
PRIOR- | TASK DURATION
1Y # # TASK DESCRIPTION (YRS) REGION PROGRAM | OTHER FY 1 FY 2 FY 3 COMMENTS
1 7" Develop an effective campaign cont inuous 2 ES 5.0 5.0 5.0 Shoutd be closely coordinated
to make collection or NPS 5.0 5.0 5.0 with task 24.
possession of field dug plants TPWD 2.0 2.0 2.0
of Echinocereus chisoensis var.
chisoensis unacceptable
1.0 7.0 1.0
1e 3211 Assess present demographic 4 2 ES 5.0 5.0 5.0 Necessary tal13.2, 3213, 52,
conditions and evaluate NPS 53, 6, and 8.
requirements for stability
1.0
1e 3212 Assess genetic viability and 3 2 ES 11.0 1.0 1.0 Necessary to 113, 21, 52, 53,
evatuate requirements for NPS 11.0 11.0 6, and 8.
stability
1e 322 Characterize phenology and 5 2 ES 1.0 1.0 1.0 Necessary to 113, 12, 21, 24,
identify vulnerable stages of NPS 5.0 5.0 5.0 13, 3142, 3143, 51, 52, 53, 6,
life cycle and 8.
Te 3231 Determine types of reproduction 3 2 ES 1.0 1.0 1.0 Necessary to 113, 12, 14, 3213,
and contribution to population NPS 8.0 8.0 8.0 51, 52, 53, and 6.
1e 3232 | Study pollination biology 2 2 ES 1.0 1.0 Necessary to 113, 12, 3213, 51,
NPS 8.0 8.0 52, 53, and 6.
1.0 1.0
1e 3233 Study seed production, 3 2 ES 8.0 1.0 8.0 Necessary to 113, 12, 24, 3213,
viability, and dispersal NPS 8.0 51, 52, 53, and 6.
1e 3234 Study seedling recruitment 5 2 3 1.0 1.0 1.0 Necessary to 113, 12, 21, 24,
NPS 8.0 8.0 8.0 3213, 51, 52, 53, 6, and 8.
1e 33 Study seed biology 5 2 NPS 2.0 1.0 1.0 Necessary to 21, 24, 51, S2,
53, and 6.
Te 332 Study germination requirements 1 2 NPS 4.0 Necessary to 113, 21, 24, 51,
- 52, 53, and 6.
1e 333 Study seedling biology 2 2 NPS 2.0 1.0 Necessary to 113, 12, 21, 24,
51, 52, 53, and 6.
2 113 Develop and implement long-term cont inuous 2 ES 2.5 Starts after short-term plan.
management plans NPS 2.5 Necessary to tasks 6 and 8.
TPWD 1.0




19 4
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RESPONSIBLE PARTY

COST ESTIMATES ($000)

TASK FWS
PRIOR- TASK DURATION
1TY # # TASK DESCRIPTION (YRS) REGION PROGRAM | OTHER FY 1 FY 2 FY 3 COMMENTS
2 13 Evaluate and revise management every 2-3 2 ES Not needed until years 5 or 6.
plans regutarly years NPS
TPWD
2 22 Establish a monitoring and 1 2 ES 0.5 Necessary to task 21.
management plan for cultivated NPS 0.5
and reserve material TPWD 0.5
2 23 Coordinate cultivation program ongoing 2 cpC Necessary to tasks 21, 53, and
with research efforts and ES 0.5 0.5 0.5 6. Helpful to tasks 3213,
cont inuous TPWD 0.5 0.5 0.5 3232, 3233, 331, 333, and 334.
NPS 0.5 0.5
1.0
2 3111 | Study geology and hydrology 2 2 ES 1.0 8.0 Necessary to 113, 4, 53, and 6.
NPS 8.0
.5
2 3112 | Study soils 1 2 ES 5.5 Necessary to 113, 4, 53, and 6.
NPS
SCS 1.8
2 312 Study microcl imate 2 2 ES 1.0 1.0 Necessary to 113, &4, 53, end 6.
NPS 8.0 8.0
1.0 1.0
2 313 Study community structure 2 2 ES 11.0 11.0 Necessary to 113, 4, 52, and 6.
NPS
2 3141 Study the status of the variety 3 2 ES 1.0 1.0 1.0 Necessary to 113, 51, 52, and
in the community NPS 8.0 8.0 8.0 .
1.0 1.0 1.0
2 3142 Study the response to 5 2 ES 5.0 5.0 5.0 Necessary to 113, &, 51, 52,
disturbance and past land NPS and 6.
management practices
2 3143 Study interactions with other 3 2 ES 1.0 1.0 1.0 Necessary to13, 51, 52, and
‘ species NPS 8.0 8.0 8.0 | 6.
2 3144 Study cyclic and dynamic 2 2 ES 0.5 0.5 Necessary to 113, helpful to
| processes NPS 1.5 1.5 51,52, and 6.
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RESPONSIBLE PARTY COST ESTIMAYES ($000)
TASK FWS
PRIOR- | TASK DURAY ION
1Y # t TASK DESCRIPTION (YRS) REGION PROGRAM | OTHER FY 1 FY 2 FY 3 COMMENTS
2 334 Investigate propagation 3 2 ES 0.5 0.5 0.5 Necessary to tasks 24, 52, 53,
techniques NPS 3.5 3.5 3.5 and 6.
2 4 Search areas with potential 2 2 ES 2.5 2.5 Necessary to tasks 51, 53, and
habitat for additional MEX .e . .
poputations and potentiat NPS 2.0 2.0
reintroduction sites TPWD 1.5 1.5
2 51 Assess ability of the present 3 2 ES 1.5 1.5 1.5 Depends on outcome of task 3.
habitat to support the variety NPS 1.0 1.0 1.0
and evaluate the need for TPWD 0.5 0.5 0.5
habitat restoration g
3 52 Examine reintroduction 1 2 ES 1.5 Needed for tasks 53 and 6.
techniques available NPS 2.0
TPWO 0.5
3 S3 Establish pilot program for 3 2 ES 1.0 0.5 0.5 Needed for task 6.
reintroduction NPS 7.0 2.0 2.0
TPWD 0.5
3 54 Assess feasibility of 1 2 ES Follows completion of task 53.
reintroduction program NPS
TPWD
3 é Develop and implement a 8 2 ES Depends on outcome of task 5.
reintroduction plan, if NPS ’
feasible TPWD
3 72 Educate the pubtic about ongoing 2 ES 3.0 1.0 1.0
Echinocereus chisoensis var. and NPS 2.0 1.0 1.0
chisoensis cont inuous TPWD 1.0 1.0 1.0
3 8 Develop a post-recovery 2 2 ES
monitoring plan TPWO
NPS




V.  APPENDI X

Surrrrarc?_/l_ of Comments Received on the
Draft I sos Mountai n Hedgehog Cact us
Recovery Pl an

This recovery plan was sent out for technical review to the
advisors on the Texas Plant Recovery Team in 1992. No
substantive changes were recommended. In April and May of 1993
the Service distributed 67 copies of the draft recovery plan to
agencies, academ c researchers, cacti growers and associations,
international officials, conservation organizations, agricultural
producer organi zations, and interested individuals. In addition,
15 letters were distributed notifying addressees that the plan
was available for public review and comment. Comments were
received fromthe 11 respondents |isted bel ow.

Dr. Edward F. Anderson, Senior Research Biologist, Desert
Bot ani cal Garden, Phoenix AZ

Dr. Exequiel Ezcurra, Instituto Nacional de Ecologia, Mexico

Gena Janssen and Jacki e Poole, Texas Parks and Wldlife
Depar t nent

Dr. Kent E. Holsinger, Departnment of Ecol og¥ and _
Evol utionary Biology, The University of Connecticut

Dr. Nigel Taylor, Royal Botanic Gardens, Kew, England

The Texas Departnent of Agriculture

United States and Mexico International Boundary and Water
Conmi ssi on

U . S. Departnent of the Interior, National Park Service, Big
Bend National Park

University of Texas at Austin Chapter, the Society for
Conservation Biology (Ray Enmmett, Jim Leebens- Mack,
Lel and Russell, and David 2Zippin)

Dr. Jim Weedin, Division of Science, Comunity College of
Aur or a

Dr. Mchael J. warnock, Department of Biological Sciences,

Sam Houston State University

All comments were considered when revising the draft plan.
The Service appreciates the time that each of the comenters took
to review the draft and to submt their comments.

Most of the letters were supportive of the plan, and a
nunber of positive comments were nade regarding
conpr ehensi veness, |ogic, general aPproach, and organi zati on.
Several comenters |iked the idea of a short-termand a |ong-term
managenent plan, and several were enthusiastic about provisions
to address illegal collecting, particularly by supporting the
devel opment of sources of legally propagated plants. There was
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support for establishing a conservation collection and for
enphasi zing the integration of the conservation collection effort
with other research endeavors.

The critical coments and suggestions discussed below
represent a conposite of those received. Conments of a simlar
nature are grouped together. Substantive comments that question
approach, nmethodol ogy, or financial needs called for in the draft
plan, or suggest changes to the plan, are discussed here.

Comments received that related to the original l'isting decision
or general comments about the Endangered Species Act that did not
relate to the Chisos Muntain hedgehog cactus are not discussed
here. Comments regarding sinple editorial suggestions, such as
better wording or spelling and punctuation changes, were

I ncorporated as appropriate w thout discussion here.

~ Al comments received are retained as a part of the _
Adm ni strative Record of recovery plan devel opnment in the Austin,
Texas Ecol ogi cal Services office.

Comments Concerning Illegal Collection

Comrent: Use of the word overcollecting to describe the threat
from poaching of plants in the Park is too mild a term These
Blants are so sparsely distributed now and have been so inpacted
y collecting over the years that ANY collecting of this variety
IS a severe threat.

Service Response: W agree and have changed the text
accordingly.

Comment:  Reducing poaching will hinge largely on education
efforts. Gven that many rare cacti are present in West Texas, a
conpr ehensi ve cactus education program m ght be able to nmeet the
recovery goals of many species at once.

Service response: Mst cacti species would benefit froma
canmpaign to nmake the purchase or possession of field-dug plants
unacceptable. The Service agrees that nore general education
progranms directed at poachers and their clients may be hel pful in
reducing this threat, and did not intend to appear to exclude
such conprehensive educational endeavors. W have included

| anguage under task 7 to nmake it nore clear that projects ained
at changing this destructive activity in general could help this
variety. Educational activities that are nore specifically
oriented to Chisos Muntain hedgehog cactus may al so be necessary
and appropriate.

Comment:  More enphasis should be place on alternatives to
poaching. An efficient cultivation programw || be needed to
provi de specinmens for collectors.
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Service response: The recovery plan provides for establishing a
cul tivation nephan!sn1exEressly for this purpose. This is
covered primarily in task 24, but the plan also integrates the
concept into tasks 2, 22, and 7.

Comments About Fiscal and Admi nistrative Concerns

Comment:  An explicit plan is needed to evaluate research
proposals and ensure that information is gathered properly and
data collected wll actually answer the questions posed. Perhaps
a rotating commttee should be established.

Service response: The Service has internal proposal review and
report approval processes for Service funded activities and for
activities requiring scientific permts. These reviews are
conducted by the Service's professional endangered species staff,
with assistance fromthe Texas Plant Recovery Team or outside
authorities on an as-needed basis. The Service does not feel
that review processes need to be addressed in recovery plans. It
shoul d be noted that recovery research activity (including the
eval uation of proposals and quality control for work in progress)
does not reside solely with the Service. Many i ndi vi dual s,
agencies and institutions fund and/or conduct research relating
to the recovery of listed species. Existing mechanisnms of
research proposal review by funding agencies operate to ensure
t hose agencies' goals are net.

Comrent:  This recovery plan requests greater funding than other
simlar cactus recovery plans. How can you justify such a |arge
budget, especially given that this taxa is a variety and not a
full species?

and

Comrent: A first year budget need of $215,800 seens high in
light of real world available dollars and the realignnent of the
Department of the Interior's research staff and budget
conponents.

Service Response: It should be noted that the sunmary of
projected funding needs in recovery(flans represents the
Service's best estimate of what would be required to achieve full
recovery and allow delisting of the species. Plans are specific
for a given species and situation. This cactus is extrenely

vul nerabl e and factors inpacting the potential recovery are very
conplex. Addressing these factors will require a diversity of
studies, and it is believed that full recovery will require
intense effort.

Recovery plans are Planning documents. They are intended to
provide a roadmap of the nmagnitude and scope of tasks necessary
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to achieve a particular goal, full recovery of the listed entity.
The recovery plan is not a budget request, nor does it obligate
the Service or anK ot her agency or cooperator to expend funds in
the recovery of the taxa concerned. It is anticipated that the
pl an woul d assi st agencies and institutions in preparing budgets
and grant proposals, and seeking needed funds. The plan does not
i npose or inply any judgement on funding of recovery of this
variety vs. any other I|isted taxon, whether full species or
varieties. Relative priority for the expenditure of funds and

| abor is established with the assignment of recovery priority
nunbers to species and tasks. Funding is not allocated on a

pl an-by-plan basis. Funding is allocated based on species
priorities and task priorities across all listed taxa. Few
speci es have yet received all the funding necessary for ful
recovery.

[t is unclear which other cacti plans are referred to. Plans
approved prior to inplenmentation of the 1988 amendnents to the
Endanger ed Species Act showed only costs estimated to be incurred
by the Service directky in the recovery process. New plans since
1988 attenpt to provide a nore conprehensive estimate including
the potential costs of other cooperators or agencies.

Comrent: It is apparent that necessary funding and staff for the
anticipated recovery needs may be difficult or inpossible to
obtain in the foreseeable future. Various research aspects
mentioned in the recovery plan would be excellent topics for
upper - di vi si on undergraduate studies and nasters theses. In
addition scientists from Sul Ross State University and the

Chi huahuan Desert Research Institute, as well as staff of the
National Park Service, could effectively perform research at

m ni mal costs.

Service response: The Service agrees. QOpportunities for
partnerships in research and recovery activities through the

I nvol venent of University staff and graduate students and the
efforts of research institutes has traditionally been one of the
most successful and cost-effective means of conducting research
for recovery of listed species. As nmentioned in the plan (pg.
13), the involvenment of Sul Ross State University and the

Chi huahuan Desert Research Institute in working with the Nationa
Park Service to cultivate Echinocereus chisoensis var. chisoensis
has already contributed significantly to our know edge and
experience.. The cooperative program between the Service and the
Texas Parks and WIldlife Departnent provided for under Section 6
of the Endangered Species Act funds many studies by University
scientists and their students, as well as other research
scientists. W hope to be able to continue to conduct
cooperative studies such as these to benefit this variety.
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Comments on the Plan Background Sections

Comment:  The description of the locality for the origina
col l ection must have been highly %ﬁneral|zed or incorrect if it
said the collection was fromthe I Sos Muntains, as the cacti
is not found there, but on alluvial flats.

Service response: This is correct. The original locality
descrlgtlon is believed to have been h|%hly general i zed. " The
text about the original collection has been nodified to clarify

this point.

Comment:  The Recovery Plan shoul d have a nore thorough
literature review If little information is known about this
variety there should be a sunmary of recent cactus ecol og
literature outlining how current studies on the ecology of other
species and genera mght relate to this variety.

Service response: The recovery plan discusses all known
literature for this variety, including unpublished interna
reports, personal interviews, etc. The Service's "Policy and
Quidelines for Planning and Coordinating Recovery of Endangered
and Threatened Species, My 1990" (RECOVGY% Pl an Qui del i nes)
state that a recoverK plan is intended to briefly acquaint the
reader with what is known about the species, its status, and the
threats it faces. Wiile the plan is Intended to cover what is
known about major aspects of the species' biology, authors are
directed that no topic should be covered in trenmendous depth and
that the introduction is not intended to be a dissertation on the
speci es. It is beyond the scope and purpose of the docunent to
present a conprehensive literature review of broad topic areas,

t hough the authors' incorporate this type of know edge in task
del i neation and ot her aspects of the plan.

Coment: The plan nentions nonitoring efforts underway at Big
Bend National Park. Are data available now to shed [ight on the
questions posed in the plan?

Service response: As noted in the plan, information gathered to
date is qualitative, not quantitative, and has consisted of

vi sual checks and yhotographic docunmentation. W have clarified
this in the text of the plan. No evaluations have been
conpleted. The plan recomrends that this program be expanded to
i nclude quantitative data gathering.

Comment: What is the distance between popul ations? This could
have potentially inportant consequences for popul ation
vulnerability to catastrophe. How far are these popul ations from
roads? This could influence vulnerability to poaching.

Service response: As noted on page 5 of the draft plan, all
el even sites are located wthin an area of about 30 square mles,
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and some popul ations are accessible to roadways. |t was not felt
to be necessary to reveal SEecific di stances anong all

popul ations in the plan. These distances are not |isted, nor are
the nunber of populations visible from roadways, as this could
aggravate collection problens by providing too nuch detail to
know edgeabl e collectors. Recovery criteria note that site
selection criteria for restoration or reintroduction work should
m nimze susceptibility to collection

Comments on Recovery Criteria

Conment: It is inportant to clearly define what you nean by
popul ation. Recovery (and presunmab Y delisting) will depend on
nunbers of individuals and nunbers of popul ations and a clear
definition of population will ensure a decision based on the
intent of the plan and not soneone's convenient definition of a
popul ati on.

Service response:  For purposes of the initial recoverg criteria,
the recovery criteria section of the plan (draft page 22 and 23)
states that a population will consist of a mninmmof 100
REPRODUCTI VE i ndi vidual s di spersed over a mninmm area of 10-20
acres. This group of individuals nust further have persisted for
10 years as a reproductively successful and denographically
stable entity.

Conment:  Your recovery criteria should be expanded and better
justified. Why 50 populations? The criteria should be nore
flexible. Populations of over 1000 individuals may be nore
inportant to survival than smaller populations. It may be
critical to have one or tw large populations if this variety
operates as a | arge netapopul ation.

and

Comrent: It may be nore realistic and nanageable to try to set
up a few smaller populations rather than trying to get 5000 plus
plants in popul ations of 100, given current funding constraints.

Servi ce response: Recovery criteria are set up to give sone
measur abl e goals to the recovery effort. The plan clearly states
that the criteria are prelimnary and are expected to be revised
as nmore concrete, critical information beconmes available. Wth
so little suPporting data it is nore informative to discuss the
objectives of the criteria given rather than the exact derivation

of the target nunbers.

The objective in setting these criteria has been to maintain
denographically stable and viable popul ations and address the
poaching threat and the potential for |oss through catastrophic
di stur bances. The nunber of populations, as noted in the plan,
was set at 50 to give a confortable margin (above the existing,
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apparent|ly unstable situation of 11 sites) ofsecurity
considering that all poaching or catastrophes can not be
prevent ed.

The number of individuals and |and area needed were based on best
avai |l abl e natural population profiles on apparently robust sites
where qualitative observati ons have been nmade for sone tine.

This statement has been added to the text.

There is not yet any solid information about population profiles
or dynam cs that would suEport any maj or deviation from observed
nunbers either to the much larger or nuch snaller nunbers
suggested by commenters. As this critical information becones
aval l able, the criteria for these paraneters may be revised.

Comrent:  The plan should incorporate |arger areas of protection
than that given for popul ation areas under the recovery criteria.

Some cacti are "fugitive" species that do not persist in any
?iven area for very long, but "move® through areas in response to

ocal conditions. If this were the case wth this variety it
would be wise to include larger areas to incorporate nore
potential habitat.

Service response:  Some popul ations of this variety are known to
have persisted for some tinme in the Park. Definitive mninal
area Information is not yet available, and there is as yet no
evidence that this variety has a fugitive species profile and
requires additional area. If this is later found to be the case
the criteria will be revised to reflect this need.

Comments on Tasks and Priorities

Comment:  Task 31, Determining habitat requirenents, should be a
higher priority. Detailed nmonitoring of existing populations for
germnation and seedling growth is extrenely inportant.

Service response: In accordance with Recovery Plan Guidelines,
assignnment of priority nunbers to plan tasks is governed bythe
criteria outlined on page 40. Task 31, because it deals with
information needed to maintain overall site quality in terns of

| onger-term managenment or survey needs, did not have the
component of inmediacy for the prevention of immnent extinction
that is required to assign a Priority 1 or 1e rating. This does
not dimnish the inportance of the task in providing baseline
information and assisting in refining research questions
necessary to protect and recover the species in the [ong-term

In response to the concern about nonitoring, please note that
there is a separate task in the plan, task 12, that provides for
noni toring of populations including reproductive success. This
task, which is necessary to determne If a population is in
decline and to what degree, is assigned a priority 1.
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Comment: It is noted that the desert grassland situation that
this variety supposedly developed in has not rejuvenated even
after 40 or 50 years of protection in the Big Bend National Park
with conplete rest fromgrazing, fire, or other disturbances.
Could it not be that some level of disturbance is required to
create the dynam cs on which nost grasslands seemto thrive?
Perhaps grazing and fire should be tried as a restorative
treatnent. Wiy is it automatically assuned that these

di sturbances are detrinental to these cacti? W seemto al ways
be advocating the sane scenario that doesn't work, total rest.
Why does this same scenario appear in virtually every recovery
plan for every species, even when we know many of these species
are disturbance oriented?

Service response: The recovery plan does not assune that this
variety developed in a true grassland situation. This is merely
one theory that is reported (see the |ast paraﬂraph of the

habi tat section and also task 31 and 3141). The plan does not
assume that disturbance is detrinental and does not advocate
total rest (see task 314, 3142, and 3144). In fact the plan
states that the optimal habitat for Echinocereus chisoensis var.
chisoensis is unclear, that the role of disturbance in

mai ntai ning the plant community needs to be evaluated, and that
appropriate managenent treatnments need to be identified and
managenent pl ans devel oped.

Comment: It is significant that 40 or 50 years of rest
a?parently has done little to prevent the decline of the variety.
[T grazing and other disturbances caused the initial decline, why
has total rest not reversed or at |east stabilized this trend?

Service response: The exact role of grazing or other disturbance
In community changes in Big Bend National Park is unclear.
However, there is evidence that disturbances such as grazing in
arid environnments causes changes in the distribution of water,
nitrogen, and other needed soil resources. These changes in soi
character result in a patchy or heterogenous distribution of
resources needed for plant growth in place of the nore even
distribution that occurred under grasslands, and pronotes shrub
invasion. The open area between shrubs loses soil fertility due
to gaseous enissions and erosion, and the |andscape becones
increasingly desertified. Desertification involves a pernanent
shift to a hotter, drier mcroclimte that would not be expected
to allow the recovery of the original grassland community

(Schl esinger et al. 1990).

Comment: Community |evel questions are too vague (Tasks 313, 314,
3144). Wthout very explicit questions that require detailed
know edge of habitat requirenents any data gathered could not be
ﬁroperly interpreted. This task should be deferred until after
abitat requirenents are better understood and nore explicit
community |evel questions can be posed.
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Service response: \Wile these task headings may be sonmewhat
general, the narrative sections actually specify the initial work
needed. Task 313 includes the collection of sinple baseline

i nformation for po%ulations (speci es dom nance, density,

frequency, etc). he Service feels these studies are very
inportant to initiate early-on to provide a basis for evaluating
simlarities and differences between popul ations and for
evaluating the context of changes that nay be detected in
nmonitoring of popul ations. Likew se, tasks 3141-3144’s
directives are specific and sinple. They specify evaluating
historical infornation about vegetation, floodin%, climte and

| and use patterns, seeking information that nmay be useful in
interpreting site histories and_inferring dynam cs that may have
i nfluenced present conditions. They also advise recording the

i nci dence of predation, nurse plants, etc., and checking for any
correlation between weather patterns and plant devel opnent al
stages. These tasks represent inportant groundwork to be done
before formulating specific quantitative studies of optinmal

habi tat and management or treatment options, As this prelimnary
overview i s acconplished, the need for studies exam ning specific
hypot heses wi |l becone nore clear, and these studies would also
be accommodat ed under these tasks.

Comment: Is it possible the closely related variety Echinocereus
chi soensis var. fobeanus could be used for conparative studies
that woul d nake interpretation of the_meaknesses_afflictin?

Echi nocereus chisoensis var. chisoensis nore easily evaluafed?
Could this closely related variety be used for sonme horticultura
studies, etc. to reduce inpacts to existing vulnerable
popul ati ons?

Service response: Unfortunately the related variety is known
only from Mexico, about 400 km south of the Big Bend Region, and
plants are not readily avail able. However, cultivated materi al
of Echinocereus chisoensis var. chisoensis is available.

Comment: It is doubtful that a cultivated collection should be
the primary approach for preserving a genetically representative
sanple of the variety. A seed bank woul d be much nore efficient
and |ess expensive. ~The cultivated collections would better
serve for horticultural research, education, and devel opnent of
horticultural naterial.

Service response: Note that the plan calls for both a seed bank
AND a cultivated collection to neet both of these needs and
describes all of these functions. It is unclear at the present
time, however, if seeds can be stored successfully. In addition
to maintain a reliable seed bank, periodic germnation testing
and repl eni shnent may be needed. These tasks can easily be
accommodat ed when the seed bank (likely at a different |ocality)
operates in cooperation wth a garden's research and
horticultural staff at the site of the cultivated collection. W
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have added to the text of task 2.0 to clarify the relative
strengths and anticipated function of the seed bank vs. the
cultivated collection to avoid any possible m sunderstanding.

Comment: It would seem that for npst species the inportance of
genetic diversity in population viability has been over-rated.
There are some situations where genetics of populations mght be
a cause of concern, but in nost cases threats are likely to be
much nmore inmediate and require ecol ogical and not genetic
managenent .

Service response: The situation with Echinocereus chisoensis
var. chisoensis has enough characteristics that could cause
severe_Penetlc problens threatening viability that the
possi bility cannot be discounted. At least a prelimnary
eval uation should be done before it can be concluded this is not
a significant threat, especially as a few sinple crossing
experiments could help determne if there is significant cause
for concern. Currently, populations are extrenmely fragnmented,
and individuals are very widespread. ~This is a cause for concern
in an outcrosser, as normal pollination scenarios nay be
di sturbed, resulting in significantly |less opportunity for
mai ntaining variability. he nunber” of individuals per
Fppulation in most cases is bel ow 100, Wwhich according to recent
iterature guidelines could well be within the range where
genetic dritt can present problens for both-short term and long-
term survival (Holsinger, in press). It is believed that this
condition is not natural and has been caused at |east partly by
the selective renmoval of individuals steadily over a |long ting,
whi ch may have its own unique inpacts on genetic processes. In
the narrative section of task 3212 these characteristics are
reiterated and the text expanded to clarify the reasons for
concern.

Comment: The recomendation for close collaborati on between
managers of cultivated collections and workers studying ecol ogy,
reproductive biology, etc. is a good one. (One aspect of this

col I aboration does not seemto have been recognized. Not only
may field studies suggest cultivation techniques, but the reverse
is also true. Cultivation studies nmay provide new insights into
field.conditions and habitat requirenents.

Service response: The plan's reconmendation for _cooperation was
nmeant to cover this sort of two-way synergism The parenthetic
exanpl es of cooperative work were not neant to appear to apply
only to the conservation collection. The text has been nodified
to 1 nprove this.

Comment: An assessnent of each population's status should be

included as a part ofthe initial site evaluation, including
paraneters such as recruitnent, age/size structure, and
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reproductive success. In addition, the nonitoring plan should
al so include data collection in these areas.

Service response: The initial site evaluation is intended to be
a qualitative site description noting any obvious, inmmediate
managenment needs that would help stabilize sites, rather than a
more conprehensive evaluation wth quantitative, repeatable data
collection. There is no doubt that the necessity of measuring
and nonitoring populations for the named paranmeters is critica
and should begin early on. Quantitative study and anal ysis of
these factors is recomended in task 3211 (investigating
denographi ¢ characteristics and requirenents for stability). It
was al so intended to have observations in these areas included as
part of ongoing nonitoring efforts (though perhaps w thout the
same intensity of effort) as a part of the reconmended tracking
of reproductive success. The narrative text has been expanded to
clarify this.

Comrent: There is an exhaustive list of tasks included in the
plan. Wile the information sought is laudable, it would
represent a long-term expensive endeavor to achieve this |evel
of understanding. Several approaches seemto be advocated at
once. Tasks need to be prioritized and categorized nore
definitively, perhaps in a nore explicit, linear prescription of
how to proceed.

and
Comment: It niPht be a better approach to establish a sequentia
process, initially concentrating on such characteristics as

denmographic structure, recruitment, reproductive success, seed
production and viability etc. to pinpoint the exact nature of
roblens at the population level, and work backward fromthere to

actors that would alleviate them

Service response: The present condition of this variety appears
to be caused by a variety of contributing factors rather than any
Brinary cause/ effect relationship. There is good reason to
elieve that habitat changes and illegal collecting have both

I npacted the variety and that secondarily, genetic viability may
have becone inpaired to the point that it threatens the chances
for survival as well. It is very likely that all three of these
factors have a significant influence and nust be addressed for
recovery to be achieved. As noted in the recovery strategy
section, the plan recomends a nulti-pronged approach initially
(rather than a stepwise |inear process) in order to efficiently
eval uate and address these three areas before decline becones
irreversible. To evaluate and address potential problens in each
of these areas will undoubtedly require varied and conprehensive
studies and activities and can realistically be expected to be a
rel atively expensive, |ong-term endeavor. ‘Such an approach will
al l ow several studies to be conducted sinultaneously and provide
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the flexibility to take advantage of unforeseen funding
opportunities and to pronote tine and cost-effective partnerships
to get research done. Al of the population |evel evaluations
suggested are included in the plan tasks. As noted above,
priorities of tasks are evaluated according to criteria in the
Service's Recovery Plan Cuidelines and _explained on the first
page of the inplementation schedule. Those tasks necessary to
ﬁrevent extinction in the inmediate future are assigned the

i ghest priority (1), followed by those tasks needed to prevent
significant decline or negative inpacts (2), and finally, those
tasks needed to conplete recovery objectives (3).

Concerns Regarding Investigating the Potential
for "Rei ntroduction

Comrent:  Because the Previous extent of this variety is not
known (based on the information in the plan) the word
"reintroduction” i s a nisnoner as you have used it here. \What
you propose is to establish new populations and this is an

I nportant distinction and should require nore justification.
Establ i shment of new popul ati ons shoul d be de-enphasi zed because
I ntroduction of a new species into an area could |ead to negative
I npacts on the native species within that habitat.

Service response: Service policy and guidance (Recovery Plan

Qui delines) define reintroductions as placing individuals in
sites where the species is or was known or believed to occur.

[ ntroductions are defined as placement of species outside the
historic range. Service policy does not permt introductions

unl ess an exenption is granted by the regional director. On page
7 of the plan it is noted that the variety was fornerly nore

w despread in the Park and was once known from areas west of the
Park. During the public comment period for the draft recovery
plan Dr. Anderson (Desert Botanical Garden, Phoenix, Arizona),

of fered further observations that the area of distribution
continues to be reduced, and this report was incorporated into
the plan. The Service believes the term reintroduction is
appropriate in this case. As noted in the (bjective and Recovery
Criteria section, page 16, establishnment of new popul ations woul d
be consi dered only wthin suitable habitat in the natural,
historically likely area of distribution of Echinocereus
chisoensis var. chisoensis. Note also that task 4 calls for nore
survey work to be conpleted in advance of reintroduction.

Comment: Efforts should focus on increasing the numbers wthin
exi sting populations rather than creating new ones.

and
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Comrent: A reliance on establishnent of new populations as a
recovery method could undernmne efforts to preserve naturally
occurring popul ations. Even though nost current and potenti al
habitat of this variety is protected, such a practice could
constitute a dangerous precedent for other recovery efforts.
Creation of artificial populations mght be used as justification
for the destruction of naturally occurring popul ations.

Service response. Gven the contraction in range of this variety
and the relatively small geographic area it now persists within
reliance on existing populations, even if increased, would not
constitute full recovery. Nothing in the prescribed tasks or
approach of this recovery plan deval ues or de-enphasizes existing
popul ations. The plan calls for their evaluation and restoration
as well. Note that throughout the plan the technique is
recommended very cautiously, only after survey work, prelimnary
studies, and a fornmal evaluation process have indicated that it
is indeed necessary, and only if It is determned that it is
feasible. Recovery criteria also require that popul ations
considered valid for neeting delisting criteria nust have been
proyi? to be reproductively successful over a ten-year nonitoring
period.

When restoration of existing popul ations appears sufficient for
recovery of a listed entity, the Service would not reconmend
reintroduction activity. Reintroduction is an expensive,
difficult, and tinme-consum ng undertaking, recomended only in
cases where it appears to be the only alternative for achieving
recovery. However, failing to develop reintroduction techniques
that are critically needed for recovery to avoid the possibility
of inproper use of the technol ogy woul d be inappropriate.

Commrent: Couldn't the several hundred plants cultivated at the
Chi huahuan Desert Research Institute (CDRI) be used now to
establ i sh new popul ations? If funds are limted they should go
first to research necessary to determne the potential for
reintroduction.

Service response: The plants cultivated at CDRl are derived from
only a few individuals renoved in advance of a hi ghway

i nprovement project. These plants were produced using cloning .
techniques and are genetically identical to the parent stock. To
represent the anount of genetic variability present in a normal,
vi abl e popul ation of plants, current guidelines (Falk and
Hol si nger 1991) call for a sanple of from10 to 50 genetically
different stock plants from a popul ati on, depending on species
characteristics. This variety has several characteristics that
tend to result in greater popul ation heterogeneity and require a
sanple on the high end of this range (40 to 50 individuals) to
cover needed |evels of genetic variation. These factors include
fragmented historical populations, a snall breedin% area,
mcrosite differences in the sites, and the fact that plants are
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| ong-lived perennials. In addition they are outcrossing, nost
likely have ani mal - di spersed seed, and ﬁOSSIb|y occur in some
sort of late successional community. The cultivated plants on
hand now are derived from so few stock plants they may not have
t he genetic variability present in a normal popul ation, and we
coul d not expect the new population to be viable and have a good
chance for long-termsurvival. Because of this, the Service
feels that planting themout now in attenpts at reintroduction
woul d not be using themin the nost appropriate nanner.

There are additional reasons why it is premature to attenpt
reintroduction imrediately. \Wile numerous reintroductions have
been attenpted across the country in recent years, very few have
been successful, even for a short time. W have |earned that
even when cultivation of the plants is relativelz easy, conplex
site interactions and nmanagenent requirenents nake the
restoration or recreation of natural comunities extrenely
difficult. Conservation biologists are reaching a consensus that
careful study, design, preparation, data gathering, and a
conmtnent for long-term nonitoring and support are needed before
reintroduction is attenpted (Center for Plant Conservation
conference on reintroduction, proceedings in preparation).

Before reintroductions begin it is inPortant to have a better
under standi ng of why the current populations _are in decline and
how to manage popul ations to prevent this. To establish new
popul ati ons when we have not yet figured out how to stabilize and
mal ntain the natural populations could waste plants (or seed),
time, and noney.

For these reasons, the recovery strategy section of the plan
calls for protection and stabilization of existing popul ations
and establishment of a genetically representative reserve of
plant materials in seed and plants first. This will address the
I medi ate threat of extinction and allow the information
gathering and planning necessary to ensure the best chance for
success In reintroduction attenpts. Habitat studies, managenent
studies, and viability studies are necessary. W need to
understand what conditions are necessary for a healthy and viable
popul ation before we attenpt to establish new popul ations. Wen
we feel we understand the critical features of habitat,
establ i shnent, and naintenance of plants, the plan calls for a
new eval uation of the need and potential of reintroduction as a
recovery approach (task 5). If it is still felt to be needed,
initial small-scale pilot studies are advised to test hypotheses
and techniques and evaluate feasibility.

Comment: Reintroduction should be de-enphasized because if
factors causing the decline of existing populations are not
identified first, new populations may also decline to extinction
and efforts wll be wasted.
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Service response: See previous response. Note also that in task
5 (Assess restoration feasibility), the recovery plan calls for
reintroduction to be attenpted cautiously, and only after these
questions are addressed.

Comment:  Couldn't the CDRI cultivated plants be planted out
anong the existing populations to bolster themuntil some of
these ot her questions are answered?

Service response: The Service feels it would be hel pful and
informative to return a few of the cultivated plants to the sane
popul ation and general area where they were originally collected,
using an experinental context with regular nonitoring,
quantitative data collection and analysis. The chances of
success in transplantation and in revitalizing or restoring this
popul ation are greatest. Many studies have shown that individua
survivorship and fecundity are greatest when individuals are
replanted in their area of origin (Huenneke and Hol singer, in
press). Using this approach, we would also gain usefu
informati on about transplantation techniques and problens. The
nunber of Plants that can be used for this ?urpose, however,
should be limted and carefully planned. If too many individuals
are returned to the population relative to the nunber that were
oriﬂinally renoved, genetic swanping of the existing population
with the cultivated genotypes coul d occur

Use of cultivated nmaterial from one population to augment any
ot her existin% popul ati ons shoul d be avoided for now. G eat
progress has been made recently in the popul ati on genetics of
rare species, and recent evidence suggests that WTH N
popul ations there is or may be |ocal genetic adaptation to
various mcrosite characteristics where the habitat varies
somewhat (Fal k and Hol singer 1991). This internal variation
could be extremely inmportant in naintaining a population's
ability to persist on a particular site. urther recent work
suggests that genetic differentiation BETWEEN popul ati ons may be
reat enough that exchanging individuals between popul ations
owers average individual viability (Huenneke and Hol singer, in
press). Because of this, inporting plants fromoutside a
popul ation for Purposes of augnentation may be detrinental
instead of helpful. O her approaches may be nore effective. In
addition, variation AMONG popul ations represents a significant
portion of the total variability contained in a species and is
considered to be of great significance in terns of evolutionary
adaptation and long-termviability of a species as a whol e (Falk
and Hol singer 1991). Gven this information, as a general rule,
mai ntai ni ng the genetic integrity of existing individua
popul ations is advised unless there is no alternative.

G ven our present |evel of understanding, it seems the best use
of the present cultivated material would be to use a limted
nunber I n an experinental effort to upgrade the condition of the
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popul ation from which the% were extracted, gathering as mnuch
Information as possible that could appIY to future transpl ant
efforts as well. Because there is a relatively good supply of
these cultivated plants, there is excellent potential to do
exhaustive study, if necessary over several trials, to work out
these techniques. In addition the plants have great value in
providing nmaterial for additional experimental work on techniques
needed to establish cloned plant naterial in the wild, breeding
systens, response to artificial pollinations, and as source
material for educational efforts, horticultural devel opnent
efforts, etc. Some, of course, should undoubtedly continue to be
held in reserve for stock plants that wll be needed in future
attenpts to establish new populations. Learning how to cultivate
and produce these plants has given us a good start in attenpts to
establish a conservation collection
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